CONVERSION FACTORS AND VERTICAL DATUM
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Abstract
Water levels have been measured in the Yucca Mountain area, Nevada, since 1981 in order to gain a better understanding of the ground-water flow system in the area. Water levels in wells J-11 and J-12 have been periodically measured using calibrated reeled steel tapes since 1989, however, calculation of waterlevel altitude was not possible prior to 1993 due to missing reference elevations. These elevations were determined in 1993 by the U.S. Geological Survey. During 1989-91, water-level altitudes for well J-11 ranged from 732.09 to 732.40 meters and the mean water-level altitude was 732.19 meters. During 1989-91, water-level altitudes for well J-12 ranged from 727.84 to 728.03 meters, and the mean waterlevel altitude was 727.95 meters.
INTRODUCTION
The Yucca Mountain area is being evaluated by the U.S. Department of Energy for suitability to store high-level nuclear waste in a mined, underground repository. A 150 km2 area located about 150 km northwest of Las Vegas in southern Nevada is being studied extensively ( fig. 1 ). Water levels in selected wells have been measured periodically since 1981 to gain a better understanding of the ground-water flow system in the area. Water-level altitude data will be used to determine the direction and rate of groundwater flow, and also will be used to estimate hydraulic characteristics of the flow system. In the Yucca Mountain area, the water table is in air-fall and ash-flow tuffs of Tertiary age. Saturated carbonate rocks of Paleozoic age underlie the Tertiary volcanic rocks. The terminology for stratigraphic units in this report follows Carr (1988) , Carr and others (1986) , Byers and others (1976) , and Winograd and Thordarson (1975) .
Water levels in two water-supply wells, J-11 and J-12 ( fig. 1 ), near Yucca Mountain have been periodically measured using calibrated steel tapes since 1989; however, water-level altitudes above sea level have not previously been reported because the altitudes of the measuring points (MP) were not known. Measuringpoint altitude data are needed in order to calculate the altitude of the water table above sea level. This report presents water-level altitudes for wells J-11 and J-12 during 1989-91, describes the equipment and methods used to collect and calculate water-level altitudes, and presents descriptions of the wells.
This report is a companion and supplement to reports about periodically measured water levels (Robison and others, 1988; Gemmell, 1990; O'Brien, 1991) in the Yucca Mountain area. These companion reports present water-level data for 11 additional wells that are monitored periodically. Robison and others (1988) described the details of how the manual waterlevel measurements are made and corrected to compute the altitude of the water level.
Water-level data were obtained as part of the Yucca Mountain Project of the U.S. Department of Energy. The Yucca Mountain Project is described by a Site Characterization Plan (U.S. Department of Energy, 1988) . The data in this study were collected by the U.S. Geological Survey and its contractors in cooperation with the U.S. Department of Energy under Interagency Agreement DE-AI08-92NV10874. 
NEVADA STATE COORDINATE SYSTEM
DATA-COLLECTION SYSTEM
Periodic water-level data are collected at Yucca Mountain by means of manual measurements made using reeled steel tapes or multiconductor cable units. Periodic measurements during 1989-91 were made using two specially constructed reeled steel tapes that are 7.9 mm wide and 792 m long, designated as Chain #1 and Chain #2. Also used was a 2,800-ft reference steel tape, which is a reeled steel tape 6.4 mm wide and 853 m long. Detailed descriptions of Chain #2 and the reference steel tape are given by O'Brien (1991) . Chain #1 has the same physical characteristics as Chain #2. Periodic measurements are subject to various corrections that are listed in the following sections.
Corrections and Adjustments to Manual Measurements
Various factors affect the accuracy of manual water-level measurements and are considered in the process of determining the water-level altitude. All measurements in this report indicate the corrected water-level altitude. Corrections made for steel-tape water-level measurements include mechanical stretch and thermal expansion of the tape. Measurements are not corrected for borehole deviation from vertical as gyroscopic surveys have never been run in wells J-ll and J-12. Measurements are adjusted to sea level datum. The correction factors applied to steel-tape measurements for each well are summarized in table 1.
Mechanical Stretch
Mechanical stretch is associated with the weight of the steel tape and attached plumb bob. The calculated adjustment for the steel tapes used during 1989-91 (Chains #1 and #2), based on stretch coefficients and an approximate weight of 0.45 kg for the plumb bob, were -0.02376 m for well J-ll and -0.02141 m for well J-12 (table 1) .
The correction for mechanical stretch of the tape is given by:
where C is the correction, in meters; L is the average depth to water in the well, in meters; W is the unit weight of the tape, in kilograms per meter;
S is the stretch coefficient, in meters per meter-kilogram; P is the weight of the plumb bob, in kilograms; and K is reference tension during manufacture, in kilograms. Values for the variables in equation (1) are given in table 2 for each tape. Values for W were determined at a calibration laboratory at the NTS, and values for S were determined by the U.S. Geological Survey and are believed to be accurate to 7 percent. Values for K were provided by the manufacturer at the time of purchase.
Thermal Expansion
Thermal expansion of a steel tape responds to temperature changes. The calculated correction for thermal expansion for steel tapes is based on manufacturer specifications for thermal-expansion coefficients and on average hole temperature calculated from temperature profiles in wells at Yucca Mountain (Sass and Lachenbruch, 1982) . The correction factors are +0.01842m for well J-ll and +0.01317 mfor well J-12 (table 1) .
Correction for thermal expansion of the tape is given by:
where E is the correction, in meters; D is the assumed average air temperature in the well, in degrees Celsius; R is the reference temperature during manufacture, in degrees Celsius; T is the thermal expansion coefficient, in meters per meter-degree Celsius; and L is the apparent length of the tape, in meters. The tape corrections, which include mechanical stretch and thermal expansion and average air temperature in the well, are given in table 1. The tapedependent variables for equation 2 are defined for each tape in table 2.
(1)
Water-Level Altitude
Water-level altitude is calculated by subtracting the true depth to water (after applied corrections) from the altitude of the reference point, which generally is a metal tag on the well casing. The MP for the wells, at the top of the well access tube, is at some distance above the reference point, and the height of the MP is 
954.54
Total correction may not equal sum of mechanical stretch and thermal expansion due to founding. subtracted from the apparent depth to water when calculating the true depth to water. Reference-point and MP values for wells J-11 and J-12 are listed in table 1, and are described in the individual well sections. Water-level altitudes in this report are based on a survey of selected water-level monitoring network reference points in 1993 by the U.S. Geological Survey.
Precision and Accuracy
An analysis of precision and accuracy was conducted for manual water-level measurements, which includes all periodic measurements, obtained during 1988-90 (Boucher, 1994) . The precision of the 2,800-ft reference steel tape, based on 31 measurements, was 0.026 ft. The precision of Chain #2, based on 341 measurements, was 0.014 ft. The precision of Chain #1 has not been calculated, but is considered consistent with the precision of Chain #2. Ninetyseven percent of all measurements obtained with the steel tapes (not including Chain #1) were precise to within 0.05 ft during 1988-90.
The accuracy of the computed water-level altitude is a function of the accuracy of the: (1) Waterlevel measurement, (2) borehole correction, (3) height of the measuring point, (4) altitude of the reference point, and (5) the precision of the 2,800-ft reference steel tape. Accuracy of the borehole-correction factors is unavailable because borehole-deviation surveys have not been run in wells J-11 and J-12. The unknown accuracy of the borehole corrections poses a problem in the calculation of overall accuracy values. The overall accuracy of measurements taken with the steel tapes is estimated to be 0.36 ft, neglecting the accuracy of the borehole-correction factor (Boucher, 1994) .
Quality Assurance
Data in this report will be used to evaluate the suitability of the Yucca Mountain site for a high-level nuclear-waste repository. Confidence in the reliability of water-level data is necessary so the data may be used with confidence to assess the expected performance of the repository. A quality-assurance program has been implemented to support the reliability of the data.
On-Site Procedures
The quality-assurance program requires that water-level measurements be obtained by methods described in formal technical procedures. The techni-cal procedures include tests and adjustments done during the measuring operation to ensure that the equipment is operating properly and that expected precision and accuracy are attained. For example, the procedure for measuring water-level with a steel tape specifies how to use the tape, when to calibrate it against the reference steel tape, and how to maintain the records of the calibrations.
Data are recorded in logbooks in the field. Data recorded include: Time and date of the visit; names of operators making the visit; identification of specific equipment used; and correction factors, if any, applied to the data at the well site. In addition, the entry in the logbooks may include comments concerning factors that may be relevant to the collected data, such as discussion of problems with equipment or weather conditions during the water-level measurement.
Office Processing and Review
The original logbooks and records are maintained throughout a calendar year at the onsite operations headquarters at the Nevada Test Site. Photocopies are periodically transmitted to the office of the project chief in Denver, Colo. The records are reviewed for completeness and accuracy, and to ensure that proper technical procedures were followed. Any needed adjustments not done during on-site operations are made in the Denver office. At the end of the calendar year, after data reviews have been conducted and any needed adjustments have been made, the original logbooks and related records are transferred to a Yucca Mountain Project data archive in Denver.
WELL DATA AND WATER LEVELS
Information and data for wells J-l 1 and J-12 are included in the following sections. References or information sources, well specifications, periodic water-level measurement data, and hydrographs of water-level altitude are presented for each well. The well specifications include location, land-surface altitude, start and completion dates of drilling, drilling method, depth drilled, bit diameter below water level, casing extending below water level, description of access tubes for measuring water levels, description and altitude of reference point, and description and height of MP above reference point. Mean-annual water-level altitudes for 1989-91 are calculated. figure 3 . 
